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SAMPLING MONO-USE STERILIZABLE UNIT FOR DETERMINATIONS IN 
MICROBIOLOGY AND IN CHEMICAL-CLINICAL APPLICATIONS 
Field of the invention 

The present invention regards the field of sampling and measurement disposable 
5 systems for microbiology and clinical chemistry. 

In particular this invention concerns a sterilizable disposable unit for sampling, 
reacting and measuring for determinations in the field of microbiology, capable of 
allowing collection of possible bacterial pollutants in gas, air, liquids, by unskilled 
operators and to determine the amount of said pollutants directly on the site of 
jij 10 sampling rather than in a laboratory, and also for determinations in the field of 
0 clinical chemistry for the selective measurement of the amounts of specific 
JK elements present in organic liquids like urine and saliva and others. 
JO State of the art 

In One of major safety problems concerns microbiological pollution, with special 
!«! 15 attention to conditions of contamination risk in protected areas or to bacterical 
W pollution of products of wide-spread consumption. 

j* These risk categories include nosocomial infections, pollution of pharmaceutical 
t; products, of agriculture foodstuffs, of drinkable waters, of air conditioning systems, 
as well as risks of biological deterioration of special containers for dangerous 
20 products, such as radioactive waste, and pollution of production plants for ultra- 
pure water for use either in pharmacological products or semiconductors. 
Measurement of microbic contamination is traditionally based on analytical 
methods involving the growth of bacterial strains in culture mediums with 
employment of skilled staff both for sample collection and for culture preparation in 
25 well equipped laboratories, with times required for the development of the cultures 
for the identification of the single strains of pathogenic microorganisms of up to 72 
hours. 

In order to face the foodstuff industry requirements, to guarantee in a short time 
product sterility from any kind of bacteria, measurements systems have been 
30 developed, capable to recognize in a few minutes the presence of bacteria by 
measuring the quantity of photons emitted by a bioluminescent reaction correlated 
to cellular ATP content, independently from the species of bacteria: these methods 
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are suitable to be carried out by skilled operators capable of collecting samples to 
be measured under sterile conditions. 

This approach has lead to a growing requirement for measurement methods with 
luminous output signals, methods that should be quick and reliable, i.e. capable of 
5 giving, within a few minutes, a straight response about the presence or absence of 
bacteria contamination, methods suitable to be carried out by unskilled operators 
and that guarantee insulation of all products used for the measurement with 
certainty of pollution absence. 

An answer to all these needs is given by the object of the present patent 
Qio application, i.e. by a disposable sterilizable unit for sampling, reacting and 
Jj measuring, for determinations both in the field of microbiology and in that of 
w clinical chemistry, capable to allow the performance of measurements of optical 
%i signals in the place of the collection of the sample to be measured, and including 
J 3 *■ all the required reagents, in the number from 1 to N for a single measurement, 
13 15 said unit being provided with auto-blocking closing systems suited to allow its use 
Q also under difficult conditions such as, for example, in the absence of gravity in 
% space stations. 

IU For microbiological applications, the collection of bacteria, possibly present in air 
or in liquids, is carried out by means of a portable measuring instrument, which is 

20 not an object of the present patent application and, therefore, not described, 
equipped with a fluid transfer system such as, for example air fans, with a 
thermostatic system, with an optical reading system with a photon-electrical signal 
transducer, with electronic circuits with a microprocessor for the management of 
measurement sequences with data processing and measurements visual display. 

25 The collection of sample of bacteria to be measured is carried out by placing, into 
said measurement instrument, the disposable sampling unit object of present 
patent, which is provided with a sterile filter having a suitable porosity, for example 
0.2 micrometer, and which, with a simple operation can be positioned in order to 
be passed through by the gaseous or liquid fluid to be checked. 

30 Thus, if the filter is passed through by a known volume of liters of air or of water, 
by the measurement of the biomass intercepted by means of reagents of known 
type, capable, for example, to measure the quantity of bacterial cellular ATP in a 
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species unaffected way, the amount per liter of the bacterial charge present in said 
fluid is determined. 

Of course, one of the critical conditions to be accomplished is the filter sterility 
before and after the sampling procedure, which requires an air and liquid-tight 
5 system both before and immediately after the end of the sampling. 
Purpose of the invention 

A first purpose of the present invention, is to provide a new and more effective 
solution to the problem given by the measurement for the identification and the 

p quantification of microbiologic pollutants, possibly present in fluids or gases. 

Jj{ 10 A second purpose of the present invention, is to provide a new and more efficient 

O solution to the problem given by the measurement for the identification and the 

m 

ly quantification to be carried out on the site of collection of specific elements, 
In present in biologic fluids. 
1- Summary of the invention 

Sj 15 The present invention relates to a disposable, sterilizable unit for sampling, 

reacting and measuring, comprising: 
fy • a body of plastic material including a reaction chamber in which a filter is 
provided for the collection of microbes present in a fluid whose possible 
microbiologic pollution must be measured; 
20 • an optically transparent and liquid tight element, moveable with respect to said 
body and capable of enclosing said reaction chamber or exposing it to a liquid 
or gas flow to be tested; 

• one or more deformable tanks containing suitable measurement reagents; 

• a deformable tank intended to contain discharge liquids; 

25 all said tanks being individually connected to the reaction chamber by means of a 
network of microchannels provided in the unit body in order to guarantee the 
tightness of the unit against possible spilling out of liquids. 

According to another embodiment, the present invention relates to a disposable, 
sterilizable unit for sampling, reacting and measuring, comprising: 
30 • a body of plastic material including a reaction chamber in communication with a 

pierceable and tight re-sealable septum which can be accessed from outside 

by means of a syringe; 



• an optically transparent and liquid tight element enclosing the reaction 
chamber; 

• one or more deformable tanks containing appropriate reagents for 
measurement; 

5 • a deformable tank intended to contain discharge liquids; 

all said tanks being individually connected to the reaction chamber by means of a 
network of micro-channels provided in the unit body in order to guarantee 
tightness of the unit against possible spilling out of liquids. 

M List of the drawings 

Q 

3io Figures 1, 2, 3, 4 show schematically one of the elements building up an unit 

Jjf according to the present invention, respectively in front view, back view, vertical 

!y cross-section and horizontal-cross-section. 

IIJ 

m Figures 5, 6, 7 and 8 show schematically another one of the elements building up 
j s=; an unit according to the present invention, respectively in back view, front view, 
Wis vertical cross-section and horizontal-cross-section. 

Jj Figures 9, 10, 11 and 12 show a third element building up an unit according to the 
p present invention, respectively in back cross section, front cross section, lateral 
and top view. 

Figures 13 and 14 show schematically a fourth element, namely a filter building up 
20 an unit according to the present invention, respectively in front view and lateral 
cross section. 

Figures 15, 16, 17 and 18 show schematically an unit according to the present 
invention assembled, respectively in front view, back view, vertical cross-section 
and horizontal cross-section. 
25 Figures 19 and 20 show schematically an unit according to the present invention 
inserted in an external measuring instrument, respectively in lateral view and front 
cross section. 

Figure 21 shows schematically a front cross section of an unit according to the 
present invention inserted in an external measuring instrument in sampling 
30 position. 

Figure 22 shows a front view of an unit according to the present invention in 
irreversible stop position after sampling. 
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Detailed description of the preferred embodiments 

As an example not limiting the scope of the protection given by the appended 
claims, a possible embodiment according to the present invention is now 
described. 

5 With reference to the figures from figure 1 to 14, it is described a possible 
implementation, in the embodiment foreseeing two reagents, of four elements 
building up the sterilizable, disposable sampling unit, in the figures from 15 to 18, it 
is shown the sampling unit resulting from the four elements assembled and, in the 
figures from 19 to 22, it is shown the use of said sampling unit with an external 
30 measuring instrument. 

S With reference to figures 1, 2, 3 and 4, the first element of said sterilizable 
disposable sampling unit is shown, in front view in figure 1 and in back view in 

y figure 2, in vertical cross-section in figure 3 and in horizontal cross section in figure 

k 

4, said first element consisting of a front half-body in optically non transparent 
3i5 plastic marked by number 10, characterized by the presence of a circular hole, 
4 marked by number 11, passing through the whole thickness, said hole being 
£ surrounded by a ring-shaped seat, marked by number 12, suited for housing a 
U toroidal gasket of the "O-ring" type, marked by number 1 3, and being provided on 
the internal side with a circular flat seat, marked by number 14, for the insertion of 
20 the filter body shown in the following figures 13 and 14. 

The half-body front element 10 is also characterized by the presence of two 
buttons marked respectively by numbers 15 and 16, each connected to said body 
by three breakable tabs, marked by number 17, said buttons being usable, by 
pression and consequent breakage of the breakable tabs 17, for exerting a 
25 compression on the membranes number 45, mounted on the back half-body 40, 
and to cause the transfer, to the filter chamber, of the reaction liquids contained in 
the appropriate cavities numbers 48 and 49, as afterwards shown in figures from 5 
to 8. 

The front halfbody element 10 is also characterized by the presence of three 
30 through-going circular bodies, made of an elastomer, pierceable by means of a 
syringe needle and auto re-sealant, marked respectively by numbers 18-19-20, 
the first two used for the filling up with reaction liquids, of the two cavities provided 
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in the back half-body, marked in figures from figure 5 to figure 8, by numbers 48 
and 50, and the third one for the possible introduction, by means of an external 
syringe, of a third reaction liquid or of a sample to be analyzed. 
Said front half-body element 10 is also characterized by the presence of a cavity 
5 marked by number 21, provided with a slit, marked by number 22, said cavity 
being suitable to allow the expansion of the deformable containment film closing 
the discharge port of reaction liquids, which film is provided in the back half-body 
and is marked by number 45, in the following figures from 5 to 8. 
Said front half-body element 10 is also characterized by the presence on its 
Clo external side of a lowered seat, marked by number 23, suited to receive an 
,p adhesive film for protection and security against accidental breakage of the two 
3 buttons marked by numbers 15 and 16, described above. 

fO The front half-body element 10 is also characterized by the presence, along its 
periphery, of two protuberances, suitable to be coupled to similar protuberances 
pis which are provided along the periphery of the back half-body, described in the 
5 following figures from 5 to 8, the first protuberance on the bottom periphery, 
£ marked by number 24 in figure 1 and in figure 2, and by number 61 in figure 5 and 
W jn figure 6, and the second one on top the periphery, marked by number 25 in 
figure 1 and in figure 2, and by number 62 in figure 5 and in figure 6, said 
20 protuberances being used the first ones, number 24 and 61, for containing the 
sterilizable mono-use unit inside the measuring instrument, and the second ones, 
number 25 and 62, for moving the same inside the measuring instrument. 
The front half-body element 10 is also characterized by the presence, on its 
external central side, of three small shaped cavities also present in the back half- 
25 body 40 shown in the following figures from 5 to 8, lying, for both half-bodies 10 
and 40, along a little driving groove shaped as a circular arc, corresponding to the 
movement of the disposable unit inside the measuring instrument, said small 
cavities being marked by numbers 26-27-28 in figure 1 and by numbers 63-64-65 
in figure 5, and having the function of positioning the transparent protection shown 
30 in figures from 9 to 2, and more precisely: the cavity 26 of figure 1 and the cavity 
63 of figure 5 of maintaining the resting position, also corresponding to the reading 
position; the cavity 27 in figure 1 and the cavity 64 of figure 5 of maintaining the 



sampling position; the cavity 28 in figure 1 and the cavity 65 in figure 5 to maintain 
the irreversible stop final position of the above mentioned transparent cover. 
With reference to figures 5, 6, 7 and 8, it is shown, in two views, from the internal 
side in figure 6, and from the external side in figure 5, in vertical cross section in 
5 figure 7, and in horizontal cross section in figure 8, the second element of said 
sterilizable disposable sampling unit, consisting of a back half-body of optically 
non-transparent plastic material, marked by number 40, characterized by the 
presence of a circular hole that goes through the whole thickness, marked by 
number 41, said hole being surrounded, on the external side, by a ring-shaped 
ISjo seat, marked by number 42, for housing of a toroidal gasket of the "O-ring" type, 
6 marked by number 43, and on the internal side by a flat circular seat marked by 
B number 44, for inserting the filter body shown in figures 13 and 14. 
% The back half-body element 40 is also characterized by the presence of a 
111 deformable film of plastic material, marked by number 45, welded in the suited 
ms lowered seat provided on the internal side and confined by the lines marked by 
|! number 46 towards bottom side, and 47 towards top side, said film being placed 
i as a containment means for the bottom cavities placed below and being shown in 
|1 figure 8 in state of positive deformation in the cavity 48 and in state of negative 
deformation in the cavity 59. 
20 This back half-body element 40 is also characterized by the presence of two 
circular cavities, marked by numbers 48 and 50, each connected to the circular 
hole 41 by means of microchannels, respectively marked by numbers 49 and 51 , 
said cavities being suitable to contain reaction liquids that, owing to the pressure 
exerted on the deformable film 45 through the buttons included in halfbody 10 and 
25 marked in figure 1 by numbers 15 and 16, will be transferred to the filter chamber 
formed by the cavities 1 1 and 41 , through the microchannels 49 and 51 previously 
mentioned. 

The back half-body element 40 is also characterized by the presence of three 
small circular cavities marked by numbers 52-54-56, the first one, 52, connected to 
30 the circular cavity marked by number 50, by means of a micro-channel marked by 
number 53, second one 54 connected to the circular cavity marked by number 48 
by means of a micro-channel marked by number 55, the third one 56 directly 
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connected to the circular hole 41 by means of a micro-channel marked by number 
57, the last cavity being intended for the possible introduction of a third reaction 
liquid or of a sample to be analysed by means of an external syringe, whose 
needle may pierce the body in self-sealing elastomer provided on the front half- 

5 body, and marked in figure 1 by number 20. 

The back half-body element 40 is also characterized by the presence of a cavity, 
preferably of rectangular shape, marked by number 59, directly connected with the 
circular hole 41 by means of the micro-channel marked by number 58, said cavity 
having the function of discharge tank for the reaction liquids, thanks to the 

10 expansion of the containment film 45. 

The back half-body element 40 is also characterized by the presence, on its 
bottom side, of a small rectangular opening, marked by number 60, used to allow 
the insertion of a positioning tab, provided in the external measuring instrument. 
The back half-body element 40 is also characterized by the presence, along its 

15 periphery, of two protuberances, suitable to be coupled with the corresponding 
protuberances also present along the periphery of the front half-body 10, shown in 
figures 1 and 2, the first one, on the bottom periphery, marked by number 61 in 
figures 5 and 6, and by number 24 in figures 1 and 2, and the second one, on the 
top periphery, marked by number 62 in figures 5 and 6, and by number 25 in 

20 figures 1 and 2, said protuberances being respectively used, the first ones, for the 
containment of the sterilizable disposable unit inside the measuring instrument, 
and the second one, for the movement of the said unit inside the measuring 
instrument. 

The back half-body element 40 is also characterized by the presence on its central 
25 external side of three small shaped cavities, also present in the front half-body 10, 
shown in figure 1 lying on both half-bodies, along a small driving groove shaped as 
a circular arc correspondent to the movement of the sterilizable disposable unit 
inside the measuring instrument, said small cavities being marked by numbers 63- 
64-65 in figure 5, and by numbers 26-27-28 in figure 1, and having the function of 
30 positioning the transparent protection shown in figures 9 and 10 and, more 
precisely, the cavity 63 of figure 5 and the cavity 26 of figure 1 the function of 
maintaining the resting position, correspondent to the reading position; the cavity 
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64 of figure 5 and the cavity 27 of figure 1 of maintaining the sampling position, the 
cavity 65 of figure 5 and the cavity 28 of figure 1 to keep the irreversible stop final 
position of the above mentioned transparent cover. 

With reference to figures 9, 10, 11, and 12, it is shown, in back cross-section in 
5 figure 9, and in front cross section in figure 10, in lateral view in figure 11 and in 
top view in figure 12, the third element of the disposable sterilizable sampling unit, 
named transparent protection, composed of a main body in optically transparent 
plastic material, marked by number 70, consisting of circular arc shaped shell 
opened on two adjacent sides, having two driving elements, located on its external 

10 faces and marked by numbers 71 and 72, for holding said element in a 
predetermined position inside the measuring instrument, and also having two 
small internal front teeth, marked by numbers 73 and 75 both in the front view of 
figure 11 and in the top cross section view, of figure 12, and supported by two 
small internal protuberances, number 74 in the longitudinal left cross section and 

15 number 76 in the right longitudinal cross-section, said small protuberances having 
the function of guiding said transparent protection, while said front teeth 73 and 75 
have the function to keep the position of the said transparent protection with 
respect to the assembled main body of the disposable unit. 

With reference to figures 13 and 14, the fourth element of said disposable unit, 
20 named filter body, consists of a ring-shaped labiate body made of plastic, marked 
by number 80, of a second ring-shaped body made of plastic, marked by number 
81, which, together with the above mentioned body 80, forms a ring for mounting a 
circular flat filter marked by number 82, said ring having a diameter equal to that of 
the circular flat seat marked by number 14 in figure 2 and by number 44 in figure 
25 6. 

With reference to figures 15, 16, 17, and 18, it is shown in front view in figure 15 
and back view in figure 16, in vertical cross-section in figure 17 and in horizontal 
cross section in figure 18, the disposable unit in its assembled final configuration, 
with the body marked by number 90, the unit being shown in the condition 
30 foreseen for optical measurement, said unit being composed of the back half- 
body 40, welded to the front half-body 10, between which half-bodies the filter 
body 92 is placed, in the provided locations of the two half-bodies, front 10 and 
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back 40, kept in position by the half-bodies welded together. 
The body 90 is also characterized by the presence of the adhesive film marked by 
number 91, for protection and safety against an accidental breaking of the two 
buttons marked in figure 1 by numbers 15 and 16, as well as by the presence of 
the transparent protection, marked by number 93 in the position in which it is 
packed and ready to be used, corresponding to the resting and reading position, 
with the sterilizable disposable unit positioned in the measuring instrument. 
With reference to figures 19 and 20, it is shown, in two views, a lateral view in 
figure 19 and front view in figure 20, the disposable unit inserted in a possible 
external measuring instrument marked by number 96, capable of carrying out the 
sampling procedures and optionally also the subsequent procedures of optical 
measurement. 

With reference to figure 21, it is shown, in a front cross-section, only the 
disposable unity inserted in a possible external measuring instrument, marked by 
number 96, in fluid sampling position reached by acting on the protuberances 26 
and 62 of the disposable unit that protrudes of the external recipient structure and 
by subsequently rotating the body of the unit. 

With reference to figure 22, the body 90 is shown after the conclusion of the 
sampling and measurement procedures with the transparent protection 93 rotated 
into its irreversible stop position, suitable to guarantee the impossibility of any risk 
of accidental loss of liquids and of consequent chemical and biological pollution: in 
this condition the unit is ready for the operations of displacement of the reagents 
and for the following optical measurements. 

The transparent, liquid-tight element 70 may be transparent on one or both sides, 
depending on how the measurement reaction may be read. For example, in case a 
biochemical reaction of measurement is adopted, which causes emission of 
photons for chemiluminescence, an element 70, which is transparent on one side 
only, is suitable; in case the biochemical reaction of measurement causes 
emission of photons due to fluorescence, phosphorescence, or requires a 
measurement of optical absorption, it may be advantageous to provide an element 
70, which is transparent on both sides. 

The deformable tanks may be emptied by the pressure exerted by an operator 
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acting on the deformable membrane 45. If found advantageous, however, an 
automatic mechanical system, acting on the external part of the membrane 45 
may be provided, to cause the transfer of the reagents. 

The capacity of the reaction chamber formed by the cavities 1 1 and 41 may be 
chosen according to the requirements of the analysis to be carried out. For 
example, it can range from 20 up to 1000 microliters. 



